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FIG. 3A
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FIG. 6A
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FIG. 7
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FIG. 9
Spectral absorption characteristic
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FIG. 12A RELATED ART
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LIGHT SOURCE DEVICE, IMAGING
APPARATUS AND ENDOSCOPE APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Japanese Patent
Application No. 2008-156032, filed Jun. 13, 2008, the entire

contents of which are hereby incorporated by reference, the
same as 11 set forth at length.

BACKGROUND OF THE INVENTION

1. Technical Field

The invention relates to a light source device, an 1maging,
apparatus and an endoscope apparatus.

2. Description of the Related Art

An endoscope apparatus that has been widely used 1s con-
figured so that 1llumination light from a lamp that 1s provided
in a light source device 1s guided by a light guide that i1s
provided along an endoscope 1nsertion portion, and the illu-
mination light guided by this light guide 1s emitted from an
illumination window that 1s provided at a front end of the
endoscope 1nsertion portion so as to 1lluminate an object site
to be mspected. On the other hand, JP 2005-205195 A
describes a light source device in which a blue laser beam 1s
guided to a front end side of an endoscope 1insertion portion by
an optical fiber, and a phosphor disposed at a front end of the
optical fiber 1s excited by the blue laser beam to emit light and
irradiate white illumination light. Since this light source
device has an outer diameter that 1s narrower than a fiber
bundle of the related art, this light source device can be
suitable for use 1n the case where an endoscope 1s required to
have a narrow outer shape as in a transnasal endoscope.
However, 1n this case, the illumination light runs short of an
intensity of light around 450 to 480 nm and thus is poor 1n
color rendering property as compared to a continuous spec-
trum, over a wavelength 430 to 680 nm, of an 1llumination
light (Xe lamp), of the related art, for an endoscope.

Also, 1n an endoscopic diagnosis, there 1s a method called
a special light diagnosis utilizing an 1image obtained by 1llu-
minating with light 1n a specific wavelength band, 1n addition
to observation by using the white 1llumination light (see JP
2001-170009 A and JP 2003-198794 A, for example). In
those cases, light 1n a specific narrow wavelength band 1s
employed as illumination light. The special light diagnosis,
for example, can clearly observe a nascent blood vessel pro-
duced 1n a mucosal layer or a mucosal underlying layer, and
also can depict the fine structure of a mucosal surface that
cannot be obtained 1n an ordinary observation image. There-
tore, this special light diagnosis 1s beneficial for a diagnosis of
lesion, an early detection of cancer, and the like.

Meanwhile, in order to emit light 1n a specific wavelength
band for the special light diagnosis 1n addition to white 1llu-
mination light that 1s obtained by a combination of the laser
beam and the phosphor, light 1n the specific wavelength band
and excitation light of the phosphor may be coupled 1nto an
optical fiber. FIG. 12A shows an excitation spectrum and an
emission spectrum under 1llumination with normal light (111u-
mination by the white i1llumination light), while FIG. 12B
shows an excitation spectrum and an emission spectrum
under 1llumination with special light (illumination by light in
the specific wavelength band). As shown i FIG. 12A, the
excitation light has a wavelength 1n an excitation wavelength
band W in which the phosphor 1s excited to emit light, and this
excitation light excites the phosphor so as to emit light having
a wavelength component indicated by the emission spectrum.
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However, as shown in FIG. 12B, under the illumination with
in the special light, when the light 1n the specific wavelength
band 1s light having a wavelength within the excitation wave-
length band W, unnecessary fluorescence 1s emitted from the
phosphor, and thus an observation image peculiar to the spe-
cific wavelength band might not be obtained.

SUMMARY OF THE INVENTION

The invention has been made 1n view of the above circum-
stances. The mnvention provides: a light source device capable
ol individually picking out light emitted from a phosphor and
light 1n the other wavelength band without mutual 1nterfer-
ence by only allowing light 1n a specific wavelength band to
excite the phosphor so as to emait light but by causing light 1n
the other wavelength bands to pass through the phosphor
without the phosphor being excited to emait light when plural
light beams 1n different wavelength bands pass through the
phosphor to obtain outgoing light; an imaging apparatus for
detecting light from a light 1irradiation area by using this light
source device; and an endoscope apparatus that 1s provided
with this 1maging apparatus and 1s capable of obtaining a
good observation 1mage under plural types of illumination

light.

(1) According to an aspect of the invention, a light source
device includes a first light source, a second light source
and a phosphor. The second light source has an emission
wavelength that 1s different from an emission wavelength
of the first light source. The phosphor 1s disposed to be
distant from the first light source and the second light
source, and absorbs light in a predetermined excitation
wavelength band to emit fluorescence. The phosphor 1s
disposed on an emission light optical path that 1s shared by
the first light source and the second light source. The emis-
sion wavelength of the first light source 1s 1n the predeter-
mined excitation wavelength band. The emission wave-
length of the second light source 1s outside of the
predetermined excitation wavelength band.

With this light source device of (1), when the light from the
first light source 1s 1rradiated onto the phosphor, the fluores-
cence 1s emitted from the phosphor, and when the light from
the second light source 1s 1rradiated onto the phosphor, the
phosphor 1s not excited to emit light, and the light from the
second light source passes therethrough. Therefore, (1) the
light from the first light source and the fluorescence emitted
from the phosphor and (11) the light from the second light
source can be emitted selectively without mutual interfer-
ence.

(2) The light source device of (1) may further include an
optical fiber that 1s provided between (1) the first light
source and the second light source and (11) the phosphor.
With this light source device of (2), the light from the first

light source and the light from the second light source are
irradiated onto the phosphor through the optical fiber. There-
fore, an arrangement freedom of both of the respective light
sources and the phosphor can be enhanced. Also, since the
light sources are connected by the optical fiber having a fine
diameter, a connection path can be formed finely.

(3) In the light source device of (2), light obtained by coupling
light emitted from the first light source and light emitted
from the second light source may be introduced into the
optical fiber.

With this light source device of (3), the light from the first
light source and the light from the second light source are
guided to the phosphor via the single optical fiber. Therefore,
the connection path can be narrowed.
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(4) In the light source device of any one of (1) to (3), white
light may be produced by the fluorescence, which phos-
phor emits 1n response to the light emitted from the first
light source.

With this light source device of (4), the light emitted from
the first light source 1s 1rradiated onto phosphor, and then the
white light 1s produced by the fluorescence emitted from the
phosphor. Therefore, when a material of the phosphor or the

l

type of the first light source 1s changed, a light intensity of a
desired wavelength component can be easily designed, and
the intended white light can be produced simply.
(5) In the light source device of any one of (1) to (4), the first
light source may include a blue laser light source that emits
a blue laser beam.
With this light source device of (5), an intensity of light per
unit area can be increased by using the blue laser light.
(6) In the light source device of any one of (1) to (5), the
second light source may 1nclude a laser light source that

emits a laser beam.

With this light source device of (6), the light in the narrow
wavelength band can be emitted.

(7) In the light source device of any one of (1) to (6), the
second light source may include a plurality of light sources
that have emission wavelengths different from each other.
With this light source device of (7), the light can be emitted

from the plurality of light sources, and 1llumination can be

provided 1n response to a purpose.

(8) The light source device of any one of (1) to (7) may further
include a switch that selectively switches between the light
from the first light source and the light from the second
light source, to 1rradiate the selected light to the phosphor.
With this light source device of (8), the light from the first

light source and the light from the second light source can be

switched. Therefore, the light 1n the different wavelength
bands can be emitted selectively.

(9) The light source device of any one of (1) to (8) may further
include an excitation light cut filter that 1s disposed 1n front
of the phosphor on an optical path. The excitation light cut
filter absorbs excitation light from the first light source.
With this light source device of (9), the excitation light,

which excites the phosphor to emit the light 1s eliminated on

the optical path anterior to the phosphor. Therefore, the emis-
sion of the unnecessary light can be eliminated.

(10) In the light source device of any one of (1) to (9), the
excitation wavelength band may be defined as that 11 light
having a wavelength 1n the excitation wavelength band 1s
irradiated onto the phosphor, the rradiated light substan-
tially excites the phosphor.

(11) In the light source device of (10), the excitation wave-
length band may be a full width at half maximum of a light
emission efficiency of the phosphor.

(12) According to another aspect of the invention, an 1imaging
apparatus includes the light source device according to any
one of (1) to (11), and an 1maging device. The 1imaging,
device includes an 1maging element that detects light from
a light 1rradiation area to which the light source device
irradiates light, so as to produce an 1maging signal.

With this 1imaging apparatus, the light emitted from the
light source device 1s 1irradiated onto an object to be mnspected,
and the light from the object to be inspected can be captured
by the imaging element to generate observation image signals
of the object to be inspected. Thereby, illumination 1mages
generated by the light in the different wavelength bands can
be acquired.

(13) In the imaging apparatus of (12), the light emitted from
the first light source may have a wavelength that 1s shorter
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4

than a short-wavelength-side detection limit of a spectral
sensitivity characteristic of the imaging element.

With this imaging apparatus, the light emitted from the first
light source 1s not detected by the imaging element. There-
fore, the process of separating/extracting the light, which 1s
emitted from the first light source, from the image signal, and
the like can be omitted simply.

(14) According to further another aspect of the invention, an
endoscope apparatus includes the imaging apparatus of
any one of (12) to (13), and an endoscope 1nsertion portion.
The endoscope insertion portion emits, from a front end
thereot, at least one of 1llumination light from the first light
source and 1llumination light from the second light source.
With this endoscope of (14), different types of illumination

lights can be emitted selectively from the front end of the

endoscope 1sertion portion.

(15) In the endoscope apparatus of (14), the light emaitted
from the second light source may contain at least one of
blue light and green light.

With this endoscope apparatus of (15), the blue light and
the green light can be emitted. Therefore, a highlighted image
in the special light diagnosis can be produced.

(16) In the endoscope apparatus of any one of (14) to (15), the
light emitted from the second light source may contain at
least one of red light and infrared light.

With the endoscope apparatus of (16), the red light and the
inirared light can be emitted. Therefore, observation made 1n
a state where a medicine which can easily absorb the infrared
light 1s 1njected into the vein, 1.¢., the imnirared light observa-
tion and the red fluorescent observation can be carried out.

According to the light source device of any of the above
configurations, when plural light beams in different wave-
length bands pass through a phosphor to obtain outgoing
light, light emitted from the phosphor and light 1n the other
wavelength band can be picked out individually without
mutual interference by only allowing light 1n a specific wave-
length band to excite the phosphor so as to emit light but by
causing light 1n the other wavelength bands to pass through
the phosphor without the phosphor being excited to emait
light.

Also, according to the imaging apparatus of any of the
above configurations, an observation image captured by
using light emitted from the phosphor as illumination light
and observation 1mages captured by using the light 1n the
other wavelength bands as 1llumination light can be obtained
individually.

Furthermore, according to the endoscope apparatus of any
of the above configurations, good observation images can be
captured under plural types of 1llumination light, and thus it 1s
possible to make the special light diagnosis with high preci-
S1011.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a conceptual configuration view of an endoscope
apparatus.

FIG. 2 1s a configuration view of an optical system of a light
source device shown in FIG. 1.

FIGS. 3A and 3B are graphs showing an excitation spec-
trum, an emission spectrum of a phosphor and spectral inten-
sities of light from respective light sources under illumination
with normal light (FIG. 3A) and under illumination with
special light (FIG. 3B).

FIGS. 4A to 4D are graphs showing excitation spectrums
and emission spectrums ol respective phosphors, each of
which has such a characteristic that each phosphor 1s excited
by light of wavelength A, emitted from a near-ultraviolet laser
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light source but 1s not excited by light of wavelength A,
emitted from a blue laser light source.

FI1G. 5 15 a configuration view of another optical system of
the light source device shown in FIG. 1.

FIGS. 6 A and 6B are graphs showing an excitation spec-
trum, an emission spectrum of a phosphor and spectral inten-
sities of light from respective light sources under 1llumination
with normal light (FIG. 6A) and under i1llumination with
special light (FIG. 6B).

FIG. 7 1s a graph showing a spectral characteristic of an
imaging element.

FIG. 8 1s a configuration view of still another optical sys-
tem.

FI1G. 9 1s a graph showing a spectral absorption character-
1stic of an unnecessary light cut filter.

FIG. 10A 1s an explanatory view conceptually showing a
plurality of frame 1mages that are captured 1n time series by an
imaging optical system, and FIG. 10B 1s an explanatory view
conceptually showing a state where these frame 1mages are
displayed with being rearranged.

FIG. 11 1s an explanatory view showing a state where
plural types of image information are displayed 1n different
display areas on a monitor.

FIGS.12A and 12B are graphs showing an excitation spec-
trum and emission spectrums under 1llumination with normal
light 1llumination (1llumination by white i1llumination light;
FIG. 12A) and under illumination with special light (1llumi-
nation by light 1n a specific wavelength band; FIG. 12B),
according to the related art.

DETAILED DESCRIPTION OF
EMBODIMENT(S) OF THE INVENTION

A light source device, an 1maging apparatus and an endo-
scope apparatus according to embodiments of the invention
will be described based on the endoscope apparatus config-
ured by using the light source device and the imaging appa-
ratus, with reference to the accompanying drawings.
<First Embodiment>

FIG. 11s a conceptual configuration view showing an endo-
scope apparatus of this embodiment.

An endoscope apparatus 100 of this embodiment 1s con-
figured to mainly include an endoscope 10, a light source
device 20, an 1image processing device 30, and a monitor 40.

The endoscope 10 has a main body operation portion 11,
and an endoscope insertion portion 13 that is connected to the
main body operation portion 11 and 1s inserted 1into an object
to be mspected (body cavity). An imaging element 135 and an
imaging lens 17 which serve as an imaging optical system are
disposed at the front end portion of the endoscope 1nsertion
portion 13. Also, an illumination optical member 19 of an
illumination optical system and an optical fiber 21 connected
to the 1llumination optical member 19 are disposed 1n vicinity
of the imaging optical system. The optical fiber 21 1s con-
nected to a light source section 31 of the light source device 20
(which will be described 1n detail later), and an 1maging
signal from the 1maging element 15 1s mput into the 1mage
processing device 30.

As the imaging element 15, an 1imaging device such as
CCD (Charge Coupled Device) or CMOS (Complementary
Metal-Oxide Semiconductor) 1s employed. The imaging sig-
nal 1s converted 1nto 1mage data by an 1imaging signal pro-
cessing section 27 based on a command from a control section
29, and appropriate 1maging processes are applied to the
image data. The control section 29 causes the monitor 40
serving as a captured image displaying unit to display the
image data being output from the imaging signal processing

10

15

20

25

30

35

40

45

50

55

60

65

6

section 27, and distributes information containing the 1mage
data via the connected network such as LAN (not shown).
Also, a first memory 51 and a second memory 33 for storing
the 1maging signal are connected to the control section 29.
The first memory 351 and the second memory 53 will be
described later.

Next, a configurative example of the 1llumination optical
system will be explained below.

FIG. 2 1s a configuration view showing an optical system of
the light source device 20 shown 1n FIG. 1.

The light source device 20 of this embodiment includes, 1n
the light source section 31, anear-ultraviolet laser light source
33 (an example of a first light source) having a center wave-
length of 380 nm, a blue laser light source 35 (an example of
a second light source) having a center wavelength of 445 nm,
collimator lenses 37, 37 for converting laser beams from the
near-ultraviolet laser light source 33 and the blue laser light
source 35 1into collimated light beams, respectively, a dichroic
prism 39 serving as an optical coupling device for polarizing/
coupling two laser beams, and a converging lens 41 for con-
verging the laser beams, which are coupled on the same
optical axis by the dichroic prism 39, into one end of the
optical fiber 21. The 1llumination optical member 19 on the
other end side of the optical fiber 21 1s configured to include
a phosphor 43 that emits light 1n response to the laser beam
from the near-ultraviolet laser light source 33 as excitation
light. The phosphor 43 1s disposed 1n a position that 1s distant
from the near-ultraviolet laser light source 33 and the blue
laser light source 35 on an emission light path that 1s shared by
the both light sources. The phosphor 43 absorbs light in a
predetermined excitation wavelength band and emaits fluores-
cence. The emission wavelength of the near-ultraviolet laser
light source 33 15 included 1n this excitation wavelength band,
but the emission wavelength of the blue laser light source 35
1s not included therein. Therefore, the phosphor 43 emits the
fluorescence in response to the laser beam from the near-
ultravioletlaser light source 33. But this phosphor 43 does not
emit the fluorescence in response to the laser beam from the
blue laser light source 35, and diffuses this laser beam to emit
ahead on the optical path. That 1s, the phosphor 43 emits the
blue laser beam as a diffusion beam, which has a diffusion
angle o1 60° to 70° with respect to an optical axis on one side,
from the laser beam having high straightness, and thus emits
illumination light without illumination unevenness. In this
case, another lens, another filter, etc. may be provided as the
illumination optical member 19. Also, the light source section
31 may be disposed in the main body operation portion 11 of
the endoscope 10.

The control section 29 controls the emission of the respec-
tive laser beams from the near-ultraviolet laser light source 33
and the blue laser light source 35. The near-ultraviolet laser
light source 33 emits the near-ultraviolet laser beam while
controlling an intensity of the emitted light based on a com-
mand from the control section 29. This emergent beam 1s
irradiated onto the phosphor 43 of the endoscope 1nsertion
portion 13 through the optical fiber 21.

Here, an InGaN semiconductor laser may be employed as
the near-ultraviolet laser light source 33, while an InGaN
multi-mode semiconductor laser may be employed as the
blue laser light source 35.

As the phosphor 43, for example, a crystalline solid-state
fluorescent material that contains lead (Pb) as an additive
element and uses calcium digallium tetrasulfide (CaGa,S ) as
a base material or a crystalline solid-state fluorescent material
that contains lead (Pb) and cerium (Ce) as additive elements
and uses calcium digallium tetrasulfide (CaGa,S,) as a base

material as described 1n JP 2006-2115 A may be used. With
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this fluorescent material, the fluorescence that extends over
an almost tull visible range from about 460 nm to about 660
nm can be obtained, and the color rendering property under
illumination with white light can be improved.

Also, LiTbW,0, serving as a green phosphor (see Tsu-
tomu Odaki, “Phosphor for White LED”, IEICE Techmnical
Research Report ED2005-20, CEM2005-28, SDM2005-28,
pp. 69-74 (2005-05), and the like), beta sialon ([3-sialon: Eu)
blue phosphor (see Naoto Hirosaki, Xie Rong Jun and Ken
Sakuma, “New sialon phosphors and white LEDs”, Transac-
tions of JSAP, Vol. 74, No. 11, pp. 1449-1452 (2005), or
Hajime Yamamoto, School of Bionics, Tokyo University of
Technology, Transactions of JSAP, Vol. 76, No. 3, p. 241
(2007)), CaAlSi1N, red phosphor, and the like may be used 1n

combination. The beta sialon 1s a crystal that1s represented by
a composition of Si,_ Al,O,N.__(z1s a solid soluble amount)
in which aluminum and acid are solid-dissolved 1n a p-type
silicon nitride crystal. The phosphor 43 may be formed by
mixing L1TbW,O,, the beta sialon, CaAlSiN,, or may be
formed by stacking these phosphors 1n a layered fashion.

If a selective reflection film for a near-ultraviolet beam for
suppressing emission of the unnecessary near-ultraviolet
beam 1s provided to the light emission side of the phosphor
43, the near-ultraviolet beam 1s incident once again on the
phosphor 43, and generation of the fluorescence can be
enhanced much more.

The optical fiber 21 1s a multi-mode fiber. As an example,
a fine cable having 105 um 1n core diameter, 125 um 1n clad
diameter and 0.3 to 0.5 mm¢ in outer diameter including a
protection layer serving as an outer cover may be employed.

FIGS. 3A and 3B 1s graphs showing an excitation spectrum
and an emission spectrum of a phosphor, and spectral inten-
sities of light from the respective light sources under 1llumai-
nation with normal light (FIG. 3A) and under 1llumination

with special light (FIG. 3B). FIG. 3A 1s a graph showing a

spectral distribution of the fluorescence obtained by wave-
length-converting the laser beam from the near-ultraviolet
laser light source 33. FIG. 3B 1s a graph showing a spectral
distribution when a laser beam from the blue laser light source
35 1s emitted.

As shown 1n FIG. 3A, the laser beam {from the near-ultra-
violet laser light source 33 1s represented by an emission line
at the wavelength A, (380 nm). The phosphor 43 has a peak of
the excitation spectrum at this wavelength A, (indicated by a
broken line 1n FIG. 3A), and emits the fluorescence (indicated
by a solid line 1n FIG. 3A) at high efficiency. As a result, the
laser beam from the near-ultraviolet laser light source 33 is
subjected to the wavelength conversion by the phosphor 43,
and 1s emitted as the white beam.

Also, as shown in FIG. 3B, when an output of the near-
ultraviolet laser light source 33 1s stopped and the blue laser
beam at the wavelength A, (445 nm) 1s 1rradiated from the
blue laser light source 35 onto the phosphor 43, the phosphor
43 only emits the blue laser beam without emission of the
fluorescence because the excitation light 1s not present 1n an
excitation wavelength band W of the excitation spectrum.
That 1s, when emission light 1s obtained by causing plural
types of light having different wavelengths to pass through
the same phosphor 43, only light 1n the particular wavelength
band excites the phosphor 43 so as to emit the fluorescence,
but light in the other wavelength bands do not excite the
phosphor 43 so as to emit fluorescence and passes through the
phosphor 43. As a result, the light (fluorescence) emitted from
the phosphor 43 and the light in the other wavelength bands
can be picked out individually without mutual interference.
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Next, an example using the endoscope apparatus 100 into
which the light source device 20 configured as above 1s incor-
porated will be described below.

As shown 1n FIG. 1, the endoscope 1nsertion portion 13 of
the endoscope apparatus 100 1s inserted into the body cavity,
and the white i1llumination light and the special color 1llumi-
nation light are emitted from the front end of the endoscope
insertion portion 13 through the 1llumination optical member
19. Then, the control section 29 switches between the white
light and the special color light, and only either of the both
light 1s emaitted. Then, this emission light 1s irradiated onto an
object to be mspected, and then the reflected light 1s captured
by the imaging element 15 through the imaging lens 17. The
imaging signal processing section 27 performs the appropri-
ate 1maging process for the captured imaging signal, and then
the resultant signal 1s output to the monitor 40 or stored 1n a
recording medium.

During the capturing operation by using the imaging ele-
ment 15, in the normal endoscope diagnosis 1n which obser-
vation 1s performed while 1rradiating the white 1llumination
light to the body cavity, the control section 29 turns on an
output of the near-ultraviolet laser light source 33 and turns
ol an output of the blue laser light source 35. In this case, the
fluorescence emitted from the phosphor 43, which 1s excited
in response by the laser beam from the near-ultraviolet laser
light source 3, that 1s, the white 1llumination light, 1s 1rradi-
ated onto the object to be inspected. Also, 1n the special light
diagnosis of the endoscope apparatus 100, the control section
29 turns on the output of the blue laser light source 35 and
turns oif the output of the near-ultraviolet laser light source
33. In this case, the blue light from the blue laser light source
351nanarrow wavelength band 1s irradiated onto the objectto
be mspected.

Then, the imaging element 15 captures the light reflected
from the object to which the blue light 1s 1rradiated, and the
imaging signal processing section 27 causes the monitor 40 to
display image information for the special light diagnosis. As
the 1mage information at this time, an observation image
obtained by the blue laser beam may be displayed or a quasi-
color 1mage produced by using the observation image
obtained by other illumination light may be displayed. Details
of the 1image processing 1n the special light diagnosis mode
will be described later.

With this configuration, the control section 29 switches
between the respective outputs of the near-ultraviolet laser
light source 33 and the blue laser light source 35. Therelore,
the normal light 1llumination 1n which the white light 1s 1rra-
diated as shown 1n FIG. 3A and the special light 1llumination
in which the light 1n the specific wavelength band 1s 1rradiated
as shown in FIG. 3B can be provided selectively. With the
normal light illumination, an observation 1mage having a
similar color tone to that obtained when the 1image 1s observed
with the naked eye can be obtained. Also, with the special
light 1llumination, a diagnosis image used 1n the special light
diagnosis can be obtained.

Also, when the white light 1s 1rradiated, the light from the
near-ultraviolet laser light source 33 serving as the excitation
light 1s not mvolved in the captured image, and thus the
unnecessary light 1s never mixed. Also, an object to be
ispected 1s 1lluminated by the wide-band continuous spec-
trum, which has high light intensities from the shorter wave-
length side being close to the excitation light. Therefore, the
color rendering property can be improved without lack of the
spectral 1ntensity in the specific wavelength band (for
example, the blue wavelength band as 1n the related art). As a
result, a color reproducibility of the white 1llumination image
can be improved, overlooking of a lesion part 1n the endo-
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scope diagnosis can be reduced, and this configuration can
contribute to an improvement of diagnosis accuracy.

Also, the white 1llumination light and the light 1n the par-
ticular narrow visible wavelength band may be switched by a
simple handy operation such as a switch 12 provided 1n the
main body operation portion 11 of the endoscope 10, or the
like. In this case, the illumination light can be switched manu-
ally at any timing, and usability can be improved.

Here, the phosphor 43 of this embodiment has such a
characteristic that 1t 1s excited by the light of the wavelength
A, emitted from the near-ultraviolet laser light source 33 and
1s not excited by the light of the wavelength A, emitted from
the blue laser light source 35. As the phosphors having such
characteristic, materials shown 1n FIG. 4 may be employed in
addition to the above ones.

FIGS. 4A to 4D shows the excitation spectrums and the
emission spectrums of respective phosphors, wherein FIG.
4 A shows ared light emitting phosphor otY ,O,S:Eu, FI1G. 4B
shows a green light emitting phosphor of (Ba, Mg)Al,,O,-:
Eu, Mn, FIG. 4C shows a blue light emitting phosphor of (Sr,
Ca, Ba, Mg),,(PO,).C,,:Eu, and FIG. 4D shows a blue light
emitting phosphor of (Ba, Mg)Al, ,O,-:Eu. All phosphors are
hardly excited by the light ot the wavelength A.,, and are
excited by the light of the wavelength A, .

Here, the property that the phosphors exemplified above
are excited by the near-ultraviolet laser beam from the near-
ultraviolet laser light source 33 and are not excited by the blue
laser beam from the blue laser light source 33 so as to emit the
light, 1.e., emission wavelengths of the other light sources are
not included 1n the excitation wavelength band peculiar to the
phosphor, may be defined in detail as follows.

The excitation spectrum of the phosphor exists over the
specific wavelength band. If a wavelength 1n a range 1n which
a luminous efliciency of the excitation spectrum 1s high 1s
used as the excitation light, the fluorescence can be emitted at
a high efficiency. Therefore, 1t 1s preferable 1n this embodi-
ment that the near-ultraviolet laser beam has a wavelength
whose luminous efficiency 1s high 1n the excitation spectrum
of the phosphor. In contrast, the blue laser beam in this
embodiment 1s set to have the wavelength whose luminous
cificiency in the excitation spectrum i1s low.

The excitation spectrum of the phosphor has such a profile
that one or plural peaks appear and its luminous efliciency 1s
gradually lowered as a wavelength becomes distant from the
wavelength at which the maximum luminous eificiency
appears. If a wavelength range that 1s expanded until a foot of
the peak becomes completely zero 1s set as the excitation
wavelength band 1n the profile having the peaks, such an
excitation wavelength band would be a considerably wide
wavelength band. In this case, even 1 light having a wave-
length corresponding to the foot of the peak 1s irradiated onto
the phosphor, fluorescence emitted would be weak. For this
reason, the excitation wavelength band 1n which excitation 1s
substantially caused may be defined as a wavelength band of
a Tull width at half maximum ofthe luminous efficiency. Also,
preferably the excitation wavelength band 1s set to be a wave-
length band that has luminous efficiencies up to Vio of the
maximum luminous efficiency, more preferably the excita-
tion wavelength band 1s set to be a wavelength band that has
luminous etficiencies up to Yoo of the maximum luminous
ciliciency. Further, when the excitation wavelength band 1s
set to be a wavelength band that has lummous efficiencies up
to 1,000 of the maximum luminous efliciency, unnecessary
fluorescent components can be eliminated with high accu-
racy.

Also, the excitation wavelength band may be defined based
on the emission spectrum of the phosphor. For example, 1n

10

15

20

25

30

35

40

45

50

55

60

65

10

terms of a relationship between an integral intensity I, of the
emission spectrum of the phosphor shown in FIG. 12A and an
integral intensity I, of the emission spectrum of the unneces-
sary fluorescence shown in FIG. 12B, the excitation wave-
length band may be defined as having 50% or less 1n ratio of
the mtegral intensity I, to the integral intensity I,, preferably
10% or less, more preferably 1% or less, and further prefer-
ably 0.1% or less.

In any event, a range of the excitation wavelength band
may be set 1n accordance with various conditions such as an
object to be illuminated, a purpose, an employed phosphor,
and the like.
<Second Embodiment™>

Next, a light source device according to another embodi-
ment will be described below.

FIG. 5 1s a configuration view showing another optical
system of the light source device shown 1n FIG. 1. Here, the
same reference symbols are aflixed to the same members as
those shown 1n FIG. 2, and explanation thereon will be omut-
ted or simplified.

This embodiment 1s configured so that the optical system
shown 1n F1G. 2 can emit a green laser beam. That 1s, as shown
in FI1G. §, a dichroic prism 47 for introducing a green laser
beam 1s disposed 1n front of the emission optical path of the
dichroic prism 39 for introducing the blue laser emitted from
the blue laser light source 35. A green laser beam emitted
from a green laser light source 49 1s introduced into this
dichroic prism 47 via the collimator lens 37.

As the green laser light source 49, a YAG-SHG laser whose
center wavelength 1s 532 nm may be used.

The green laser beam from the green laser light source 49
1s coupled to the optical paths of the respective laser beams
from the near-ultraviolet laser light source 33 and the blue
laser light source 35, and then introduced 1nto the optical fiber
21 via the convergmg lens 41. The phosphor 43 disposed on
the light emission side of the optical fiber 21 1s not excited by
the introduced green laser beam, but 1s only excited by the
near-ultraviolet laser beam from the near-ultraviolet laser
light source 33 as 1n the first embodiment.

FIGS. 6 A and 6B are graphs showing an excitation spec-
trum, an emission spectrum of a phosphor and spectral inten-
sities of light from respective light sources under 1llumination
with normal light (FIG. 6A) and under i1llumination with
special light (FIG. 6B). As shown 1n FIG. 6 A, 1n the normal
light 1llumination 1n which the white light 1s 1rradiated, the
white light 1s output from the phosphor 43, which 1s excited
by the near-ultraviolet laser beam from the near-ultraviolet
laser light source 33. As shown in FIG. 6B, 1n the special light
illumination 1n which the special light 1s wrradiated, the blue
laser beam from the blue laser light source 35 and the green
laser beam from the green laser light source 49 are output. In
this case, both outputs of the blue laser light source 35 and the
green laser light source 49 may turned ON, and alternatively,
only one of the both outputs may be turned ON.

In this manner, the white light, the blue light 1n a narrow
wavelength band and the green light 1n a narrow wavelength
band can be 1rradiated selectively. Therefore, an observation
image captured by using the white light, which has the
enhanced color rendering property and an observation image
for the special light diagnosis captured by using the blue light
and the green light in the narrow wavelength bands can be
obtained without mutual interference. As a result, for
example, pits and surface blood vessels can be depicted by the
blue laser beam whose center wavelength 1s 445 nm, and also
fine blood vessels and flushes 1n a deep part can be observed
by the green laser beam whose center wavelength 1s 532 nm.
Also, a quasi-color image for the special light diagnosis can
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be produced by using these observation images. For example,
green detection signals (retlected light component of the
green light 1n the narrow band) obtained by the imaging
clement 15 when the blue light and the green light 1n the
narrow wavelength band are irradiated are converted into a
red color tone and also blue detection signals are converted
into blue and green color tones. Thereby, the quasi-color
image 1s produced. With this quasi-color 1mage, the surface
fine structures (capillary vessels, mucosal fine structures,
etc.) 1n the surface layer of the object to be ispected can be
observed clearly.

<Third Embodiment>

Next, a third embodiment that 1s configured so that the
spectral characteristic of the imaging element 1s correlated
with the light source wavelength of the 1llumination optical
system will be described below.

The light source of this embodiment has basically the simi-
lar configuration to that in the first embodiment, but a rela-
tionship between the imaging element and the light source
that excites the phosphor 1s defined 1n this embodiment.

The imaging element 15 of this embodiment (see FIG. 1)
has R (red), G (green), and B (blue) detection spectral char-
acteristics as shown 1n FIG. 7. In this case, the spectral sen-
sitivity for blue that 1s the detection color on the shortest
wavelength side 1s set not to include the emission wavelength
A, of the near-ultraviolet laser light source. As a result, the
light emitted from the near-ultraviolet laser light source,
which excites the phosphor 43 to emat light, 1s not detected by
the 1maging element 135.

That 1s, the emission wavelength of the light source, which
excites the phosphor 43 to emit light, 1s set to a wavelength
that 1s shorter than a detection limit on the shorter wavelength
side 1n the spectral sensitivity characteristics of the imaging
clement 15. Therefore, the light from the near-ultraviolet
laser light source 33, which provides the excitation light for
the phosphor, does not exert influence on an observation
image (captured image) at all. As a result, even when an
output of the near-ultraviolet laser light source 33 1s changed.,
no change 1s caused 1n the color tone of the fluorescence that
the phosphor 43 emits, and also the observation 1image 1llu-
minated always 1n a constant color tone can be obtained. Also,
the diagnosis accuracy can be improved much more.
<Fourth Embodiment>

Next, a fourth embodiment including an unnecessary light
cut filter for removing light used to excite the phosphor so as
to emait fluorescence after the excitation light 1s irradiated onto
the phosphor will be described below.

FI1G. 8 1s a configuration view showing still another optical
system. Here, the same reference symbols are affixed to the
same members as those shown 1n FIG. 5, and explanation
thereon will be omitted or simplified.

In the imaging optical system of this embodiment, an
unnecessary light cut filter 25 1s disposed between the 1mag-
ing element 15 and the imaging lens 17 of the endoscope
insertion portion 13. The unnecessary light cut filter 25 1s an
optical filter having a spectral absorption characteristic
shown in FIG. 9. That 1s, the unnecessary light cut filter 25 has
such a characteristic that it absorbs the wavelength A, com-
ponent of the light, which excites the phosphor 43 to emait
light, and allows the light component of the wavelength
longer than the wavelength A, to pass therethrough.

With the unnecessary light cut filter 25 having the spectral
absorption characteristic, like the third embodiment, the light
from the near-ultraviolet laser light source 33, which serves as
the excitation light of the phosphor, does not exert influence
upon an observation image (captured image) at all. Also,
when this unnecessary light cut filter 25 1s disposed anterior to
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the phosphor 43 of the illumination optical system on the
optical path, it can be prevented that the unnecessary near-
ultraviolet laser beam 1s 1rradiated onto the object to be
inspected, and cells, etc. of the object can be prevented from
being subject to biological damage, and the like.

<Image Processing Method>

Next, an example of use of the endoscope apparatus 1n the
special light diagnosis, and an example of image processing
performed for an acquired observation 1mage of the endo-
scope apparatus in the respective embodiments will be
described below.

FIG. 10A 1s an explanatory view conceptually showing a
plurality of frame 1mages that are captured 1n time series by
the 1imaging optical system, and FIG. 10B 1s an explanatory
view conceptually showing a state where these frame 1images
are displayed with being rearranged. Here, 1t 1s assumed that
an observation image that 1s captured under illumination with
the white light and an observation 1image that 1s captured
under illumination with the light in the particular visible
wavelength band are displayed separately on the monitor 40.

As shown 1 FIG. 10A, the control section 29 (see FIG. 1)
controls the emission light from the light source device 20 so
that the light source device 20 emits the near-ultraviolet laser
beam having the center wavelength of 380 nm at the first
frame to 1rradiate the white light onto the object to be
inspected. The imaging element 15 captures an 1image of the
object that 1s wrradiated by the white light, and stores the
imaging signal 1n the first memory 31 shown 1n FIG. 1.

Then, the control section 29 controls the emission light
from the light source device 20 so that the light source device
20 emits the blue laser beam of the center wavelength 445 nm
and the green laser beam of the center wavelength 532 nm at
the second frame. The imaging element 15 captures an 1image
of the object that i1s wrradiated by the light beams in the
respective wavelengths, and stores the imaging signals in the
second memory 53.

Subsequently the processes of irradiating/imaging/storing
an 1maging signal are repeated similarly at the third frame
(odd-numbered frame) like the first frame and the fourth
frame (even-numbered frame) like the second frame, respec-
tively. That 1s, the 1llumination with the white light and the
illumination with light including the light in the particular
visible wavelength band are switched alternatively every
imaging {rame of the imaging element 15. Then, as shown 1n
FIG. 10B, the observation image captured by the white light
1s stored 1n the first memory 31, and the observation image
captured by the light in the particular visible wavelength
band, 1.e., the image for the special light diagnosis, 1s stored in
the second memory 33. Then, as shown 1n FIG. 11, the imag-
ing signals stored in the first memory 31 and the second
memory 53 are displayed 1n different display areas 55, 57 on
the monitor 40 as 1mage information given by two types of
imaging signals. Sizes of both display areas are set to be
identical in the 1llustrated example. However, a display fash-
1on may be set arbitrarily, e.g., one display area may be set to
be larger than the other display area, an 1image 1n one display
arca may be displayed over the other display area, or the like.

In this case, the above example 1s just an example. For
example, the displaying sequence may also be set arbitrarily,
¢.g., an1mage captured when the blue laser beam 1s 1rradiated
may be set at the second frame, an 1mage captured when the
green laser beam 1s 1rradiated may be set at the third frame,
and the like.

Also, an image captured under 1llumination with the white
light at the first frame may be superposed on 1mages captured
under 1llumination with the special light at the second frame
and the third frame, and then the superposed 1image may be
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displayed on the momtor 40. For example, when an image
captured under i1llumination with the special light 1s mixed 1n
a part ol an area of an 1mage captured under illumination with
the white light illumination, a part to be observed may be
displayed as a highlighted image (quasi-color image), and
also a surrounding image may be displayed simultaneously as
an 1mage captured under 1llumination with the white light. As
a result, an operator can make easily diagnosis while grasping
precisely a position of the object to be observed. Also, since
the 1mages at the respective frames are superposed and dis-
played simultaneously, frame dropping can be made incon-
spicuous when a moving image 1s displayed.

In this manner, the image captured under 1llumination with
the white light and the 1image captured under 1llumination
with light including the light in the particular visible wave-
length band are acquired alternately. Therefore, the both
images can be acquired substantially simultaneously, and
also plural types of image information can be simultaneously
displayed 1n real time. Also, respective pieces of image inifor-
mation may be displayed side by side. Therefore, the operator
can simultaneously grasp an observation position and the
properties of the part to be observed, and also diagnosis
accuracy 1n the special light diagnosis can be enhanced much
more.

Also, respective detection light screens at respective
frames obtained by the imaging may be combined with each
other appropriately and utilized. Thereby, image information
that 1s convenient for diagnosis can be provided simply. For
example, easily obtained 1s an 1mage clearly showing (1)
capillary vessels 1n a surface part of tissue being captured by
blue light that hardly reaches a deep part of mucosa and (11)
blood vessels 1n the deep part being captured by green light
that reaches an inside of the tissue

Also, when infrared light 1s used as light 1n the particular
visible wavelength band, an infrared observation can be done.
For example, when ICG (indocyanine green), which easily
absorbs inirared light, 1s injected into the vein and then the
infrared light 1s 1rradiated, information that 1s difficult for the
human eye to view can be observed with emphasis, and the
deep-part blood vessel can be observed.

Also, thickening that 1s diagnosed based on the infrared
fluorescent observation can be observed based on the seli-
emission of the phosphor such as collagen, or the like. At that
time, the green light or the blue light 1s employed as the
excitation light.

As explained above, according to the endoscope apparatus
100 of this embodiment, the laser beam 1s employed as the
white light source of the 1llumination optical system, and thus
the light can be guided by the optical fiber and a high-1ntensity
light can be propagated at high efliciency while suppressing
diffusion. Also, the optical waveguide for the white color can
be configured by the optical fiber, and thus a finer diameter of
the endoscope msertion portion can be easily attained without
a light guide (optical fiber bundle) of the related art. That 1s, 1n
order to guide the required light to the front end of the endo-
scope 1nsertion portion 13 via the light guide, a diameter of at
least about 1 mm or more 1s required of the light guide. In the
configuration of this embodiment using a single-core optical
fiber, an outer diameter including a protection material of the
outer cover can be reduced to a fine diameter of about 0.3 mm.
Also, 1 contrast to the case where the light in a narrow
wavelength band 1s picked out by filtering light from the
xenon lamp that 1s commonly used 1n the endoscope filed, an
equivalent brightness can be realized by a power consump-
tion of about Y20. Further, since waste heat can be reduced, a
s1ze reduction and silencing of a cooling fan, and the like can
be attained.
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The light source device, the 1imaging apparatus and the
endoscope apparatus using the same are not limited to the
above embodiments. Modification, improvement, etc. can be
made thereto appropriately. Also, it 1s needless to say that the
endoscope apparatus can be utilized 1n any other applications
including the industrial endoscope other than the application
in the medical endoscope. Also, the light source device and
the 1maging apparatus can be applied for a wide variety of

purposes.

What 1s claimed 1s:

1. An imaging apparatus, comprising:

a light source device;

an 1maging device including an imaging element that
detects light from a light irradiation area to which the
light source device 1rradiates light, so as to produce an
image signal;

a first light source;

a second light source having emission wavelengths that are
different from an emission wavelength of the first light
source, wherein the second light source includes a plu-
rality of light sources that have the emission wave-
lengths different from each other;

a phosphor that 1s disposed to be distant from the first light
source and the second light source and absorbs light 1n a
predetermined excitation wavelength band to emit fluo-
rescence;

a control section that controls the first light source and the
second light source,

wherein the phosphor 1s disposed on an emission light
optical path that 1s shared by the first light source and the
second light source,

wherein the emission wavelength of the first light source 1s
in the predetermined excitation wavelength band,

wherein the emission wavelengths of the second light
source are outside ol the predetermined excitation wave-
length band,

wherein the control section switches between an emission
of the first light source and an emission of the second
light source, 1n every imaging frame of the imaging
device,

wherein light emitted from the second light source includes
blue light, and

wherein the emission light optical path shared by the first
light source and the second light source comprises a
single-core optical fiber;

a dichroic prism for coupling light emitted from the first
light source and the light emitted from the second light
source 1nto the single-core optical fiber;

a converging lens for converging the light emitted from the
first light source and the light emitted from the second
light source, which are coupled on a same optical axis by
the dichroic prism, 1nto one end of the single-core opti-
cal fiber; and

an 1llumination optical member located on another end of
the single-core optical fiber for holding the phosphor.

2. The imaging apparatus according to claim 1, wherein the
single-core optical fiber that 1s provided between (1) the first
light source and the second light source and (11) the phosphor.

3. The imaging apparatus according to claim 2, wherein
light obtained by coupling light emitted from the first light
source and the light emitted from the second light source 1s
introduced 1nto the optical fiber.

4. The 1maging apparatus according to claim 1, wherein
white light 1s produced by the fluorescence, which the phos-
phor emits 1n a response to light emitted from the first light
source.
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5. The imaging apparatus according to claim 1, wherein the
first light source includes a blue laser light source that emits a
blue laser beam.

6. The imaging apparatus according to claim 1, wherein the
second light source includes a laser light source that emaits a
laser beam.

7. The 1maging apparatus according to claim 1, further
comprising:

an excitation light cut filter that 1s disposed in front of the

phosphor on an optical path, the excitation light cut filter
that absorbs excitation light from the first light source.

8. The 1imaging apparatus according to claim 1, wherein the
excitation wavelength band 1s defined as that 1f light having a
wavelength 1n the excitation wavelength band 1s irradiated

onto the phosphor, the 1rradiated light substantially excites
the phosphor.

9. The 1imaging apparatus according to claim 8, wherein the
excitation wavelength band 1s a full width at half maximum of
a light emission efficiency of the phosphor.
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10. The imaging apparatus according to claim 1, wherein
light emitted from the first light source has a wavelength that
1s shorter than a short-wavelength-side detection limit of a
spectral sensitivity characteristic of the imaging element.

11. An endoscope apparatus comprising;:
the 1maging apparatus according to claim 1; and

an endoscope 1nsertion portion that emaits, from a front end
thereol, at least one of 1llumination light from the first
light source and illumination light from the second light
source.

12. The endoscope apparatus according to claim 11,
wherein the light emitted from the second light source further
includes green light.

13. The endoscope apparatus according to claim 11,
wherein the light emitted from the second light source further
comprises at least one of red light and infrared light.
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